• , Z = 4). In its structure eight isolated [MoO 4 ] 2− tetrahedra are present, which display an overall negative charge of −16. To maintain electroneutrality, mixed-valency of the five crystallographically independent cerium cations must be considered. A thorough bond-valence analysis reveals cerium at the Ce1 site as tetravalent, while the other four cerium cations prove to be trivalent. The polyhedra around all cerium cations form chains with a V-shaped profile along [100] via vertex-, edge-, and face-connections to result in a sawblade pattern. These chains are interlocked into sheets parallel to the (001) plane and linked by the Mo 6+ cations to form a three-dimensional network.
Introduction
Not too many oxomolybdates(VI) of cerium are known in the literature so far. Besides the crystal structures of two cerium(III) compounds, namely Ce 6 Mo 10 O 39 [1] and Ce 2 Mo 4 O 15 [2] , which can be described by the structured formulae Ce 6 [3] has been reported, although considerable doubt arose on both the published crystal system and the lattice parameters of the latter [4] . Regarding cerium(IV) oxomolybdates(VI), only triclinic Ce[MoO 4 ] 2 has been reported [5] , and besides its lattice parameters no description of the crystal structure has been given. Thus, the two title compounds, Ce 2 Mo 2 O 9 and Ce 5 Mo 8 O 32 , enlarge the family of cerium oxomolybdates(VI) very considerably. Furthermore, both compounds exhibit each a special structural feature, which can be seen clearly in the case of Ce 2 Mo 2 O 9 if written with the struc-0932-0776 / 11 / 0800-0763 $ 06.00 c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com tured formula Ce 2 [7] could be identified as one of the byproducts, the following reaction can be assumed: Due to an oxygen break-in into a fused silica ampoule containing elemental cerium, cerium dioxide, cerium tribromide (CeBr 3 : 99.9 %, Aldrich, Taufkrichen, Germany) and molybdenum trioxide for an attempt to synthesize cerium(III) bromide oxomolybdate(VI) according to: and supported by the fact, that elemental bromine (Br 2 ) was observed during the reaction.
Due to the fact that both title compounds emerged merely as by-products, the possibilities to perform extended analyses besides single crystal X-ray structure determination were rather limited. Attempts to obtain phase-pure samples of both Ce 2 Mo 2 O 9 and Ce 5 [MoO 4 ] 8 have not yet been successful.
X-Ray structure determination
Intensity data sets for single crystals of both Ce 2 and refinements were carried out utilizing the program package SHELX-97 [9] . Details of the data collections and structure refinements [10] are summarized in Table 1 • ) with sixteen formula units per unit cell. The crystal structure contains eight crystallographically different Ce 3+ cations with coordination numbers from seven plus one to ten showing a wide variety of irregular polyhedra (Fig. 1) . The interatomic distances between the Ce 3+ cations and the surrounding O 2− anions are covering a range from 231 to 273 pm (Table 2) , which is a very common interval as seen in numerous compounds comprising Ce 3+ cations and complex oxoanions (e. g. [13] ). Even the slightly longer distance of 293 pm to the eighth oxide anion in the coordination sphere of (Ce8) 3+ is not to be considered particularly long, since similar distances are also found in a few structures such as in Ce 6 Table 3 . Selected interatomic distances (pm) and results of the bond-valence calculations [11] to determine the formal charge of the cerium cations for Ce 5 three molybdenum(VI) cations (Fig. 2) (Fig. 3) 17] , in which these angles range between 97 and 144 • . Since the oxomolybdate units are isolated in the crystal structure, a closer look at the interconnection of the oxygen polyhedra around the cerium cations is helpful for understanding the structure. These polyhedra form a complicated and cluttered three-dimensional network by edge-and vertexconnections.
Results and Discussion

Structure of Ce 2 [MoO 5 ][MoO 4 ]
Very often, a structure comprising complex ions can be described in an easy and understandable way, if these ions are shrunk to their centers of gravity. The arrangement of these centers can then be compared to already known simple structure types. The crystal structure of LnF[MoO 4 ] (Ln = Sm-Tm) [18] AlB 2 [19] . In case of Ce 2 [MoO 5 ][MoO 4 ] the ratio of cerium cations to oxomolybdate anions is 1 : 1, which can be potentially ascribed a simple AB structure type. Unfortunately, the coordination numbers of the Ce 3+ cations as well as those of the oxomolybdate units vary between six and seven, hence no simple AB structure type can be identified. In Fig. 4 (2) • ) with four formula units in the pseudo-orthorhombic unit cell. In the crystal structure five cerium cations can be distinguished crystallographically, one of them being tetravalent, while the other four remain trivalent to maintain the overall electroneutrality. The coordination numbers vary between eight and nine resulting in bi-(for Ce1, Ce2, and Ce5) and tricapped trigonal prisms (for Ce4) as well as trigonal dodecahedra (for Ce3, see Fig. 5 ). The interatomic distances between Ce1 and its surrounding oxide anions range from 226 to 251 pm and thus are significantly shorter than those of the other cerium cations with values of 236 -284 pm (Table 3) . Hence, Ce1 can be considered as the site for the tetravalent cerium cation, while the others need to be just trivalent. This assumption is also supported by bond-valence calculations [11] , in which the formal charge of Ce1 is calculated to be +3.88, while the formal charges of the Ce2-Ce5 cations range between +2.70 and +3.13 (Table 3) . [21] .
First attempts of the structure solution were carried out in the orthorhombic space group Pccn reducing the number of crystallographically distinguishable cerium cations to three. However, the Ce 4+ and one of the Ce 3+ cations would be located at the same Wyckoff position in the orthorhombic super group. A translationengleiche symmetry reduction of index 2 into the direct subgroup P2 1 /c represented a suitable solution, leaving the Ce 4+ cations all ordered at one exclusive position, well separated from its symmetry-equivalent Ce 3+ congener in the orthorhombic supergroup. The symmetry reduction is also supported by significantly improved residual values as well as balanced displacement parameters. All eight crystallographically independent Mo 6+ cations represent the centers of isolated ortho-oxomolybdate tetrahedra. As in Ce 2 (Fig. 6, top) with a V-shaped profile (Fig. 6, bottom) 4 ] 2− tetrahedra in the anionic part of its structure, but to maintain electroneutrality, one out of the five crystallographically independent cerium cations was found to be tetravalent among the trivalent remainders.
